Introduction
Throughout the 2000s, particularly after the sharp rise in oil prices in 2008, public and private interest in diversifying energy sources intensified remarkably. The reasons for this included volatility in the prices of petroleum products, the finite nature of fossil fuels and increasing environmental concerns, especially related to greenhouse gas emissions. Also, more emphasis was placed on novel ways to add value to agriculture and to promote growth poles which could deliver 'green' jobs in non-carbon intensive sectors of the economy. These factors reinforced interest in renewable energy sources, including biofuels (UNCTAD, 2014, p. 1). Global production of biofuels increased dynamically, primarily due to policies that stimulated the use of fuel ethanol and biodiesel. The emerging biofuels market generated significant demand for some agricultural commodities, especially food crops, including oilseeds, strengthening the linkages between agricultural commodity markets and fossil fuel markets and between different agricultural commodity markets (FAO, 2008) .
The European Union (EU), initially a leader in biofuels legislation, accounted for around 40 and Biodiesel is a nontoxic and biodegradable renewable fuel. Conventional or 'first generation' biodiesel is produced from vegetable oils (i.e. rapeseed oil, soybean oil, palm oil, etc.), used cooking oils and animal fats through transesterification. In the transport sector, biodiesel is used in its pure form or blended with fossil diesel fuel. In the EU, the global leader both in rapeseed production and crushing, the biodiesel industry relies primarily on rapeseed oil as feedstock. In recent years, however, the share of rapeseed oil in the feedstock mix has decreased from 73 per cent in 2010 to 58 per cent in 2013, mostly due to the increasing use of hydrotreated palm oil and recycled vegetable oils (USDA FAS, 2014) , the latter counting double in the RED target in many EU Member States. In 2013, the 5.6 billion liters of rapeseed oil processed by the EU biodiesel industry represented around half of the total output of the EU Member States.
Although sunflower seed has the highest oil content (up to 55 per cent) among oilseeds, its suitability for biodiesel production is limited by the high content of linoleic acid (Lewandowski, 2013) . Sunflower oil is primarily used for human consumption and it has applications in the cosmetics industry too. According to the European Biomass Industry Association, only around 1-2 per cent of the biodiesel produced in the EU is derived from sunflower seed oil.
World sunflower seed production is characterized by strong seasonality. As the statistics of Oil World (ISTA Mielke GmbH) show, in recent years more than three quarters of the global crop were harvested during September and October. The largest producers in the Northern
Hemisphere include the EU, Ukraine, Russia, China, Turkey and the United States.
During the period 2004-2013, Hungary was the fourth largest producer of sunflower seed in the EU-27 after France, Romania and Bulgaria, with 1.24 million tons of output per year on average (Table 1) , which represented an 18.3 per cent share of EU total production. The country has been a net exporter of sunflower seed, and of both raw and edible sunflower oil, mainly to other EU Member States. Hungary is the only country in the EU where sunflower seed futures are traded.
- Table 1 hereSince sunflower oil can substitute for other edible vegetable oils processed into biodiesel in significantly larger quantities, the sunflower seed market could be interlinked with the crude oil market indirectly. Therefore, we hypothesized that crude oil futures prices influence new crop sunflower seed futures price discovery in Hungary. We applied standard cointegration analysis for a multiannual time period but were also interested in examining the strength of the possible linkage between these markets in the individual growing seasons of sunflower as these often exhibit, by nature, substantial changes in the market fundamentals. For comparison, the influence of Paris rapeseed futures on sunflower seed futures was also assessed.
Empirical Analysis and Results

Methods
To assess the influence of crude oil and rapeseed futures on new crop sunflower seed futures prices in Hungary, firstly the Augmented Dickey-Fuller test (ADF) (Dickey and Fuller, 1979) and the Kwiatkowski-Phillips-Schmidt-Shin test (KPSS) (Kwiatkowski et al., 1992) Secondly the Johansen Maximum-Eigenvalue test for cointegration (Engle and Granger, 1987; Johansen, 1988) agricultural commodities and exchange rates. All these studies provide evidence for the existence of a long-run equilibrium relationship between crude oil prices and some of the agricultural commodity prices. In general, the standard cointegration test is often performed for fragments of longer time periods where breaks are usually adjusted to the occurrence of certain macroeconomic phenomena (see e.g. Natanelov et al., 2013; or Pala, 2013) . However, we are not aware of any attempt to use this method while splitting the time series according to the production seasons of the agricultural commodity involved in the analysis.
The standard cointegration test was considered appropriate to test the equilibrium relationship since it provides more robust results than other more advanced techniques in the case of seasonal segmentation of the data. We refrained from the use of models which recognize the presence of structural breaks in order to avoid over segmentation of the time series, as well as of threshold cointegration techniques due to the possible complexity of the SETAR-based approach.
Our calculations were made using version 3.1.1 of the R software; for the ADF, the KPSS and the Johansen tests version 0.10-32 of the tseries package and version 1.2-8 of the urca were applied, respectively.
Data
For the analysis, the daily closing price series of November sunflower seed futures listed at the - Figure 1 here-
Results
The ADF test and the KPSS test verified that the price series used were I(1) or I (2) - Table 2 here-- Table 3 here-
The results of the Johansen test (Table 4) (Figure 2 ). This implies that crude oil prices influence new crop sunflower seed futures price discovery only occasionally, under special circumstances.
- Table 4 (Figure 3) . Consequently, it would be inappropriate to conclude that no cointegration relationship exists between these markets when MATIF rapeseed futures (with more liquidity than BÉT sunflower seed futures) could have served well for cross hedging price risks associated with sunflower seed production, processing and trade in Hungary in almost half of the growing seasons for which the cointegration test was performed.
- Figure 3 here-
Discussion
The - Table 5 2 Oil World (2015) estimated the global production of rapeseed in 2013/14 to be 69.62 million tons (+8.7 per cent compared to the previous crop year) and that of soybeans to be 281.92 million tons (+5.9 per cent). USDA (2015) Although our results indicate the weakness of the applied standard cointegration test, they still have some policy implication. Namely, that policies based on the assumption of the long-run presence of a certain degree of linkage between energy markets and the market of food products which substitute for other food products used as energy feedstock, and between food products used as energy feedstock and their substitutes for food exhibiting strong seasonality in production, would require to be flexible in order to be effective. The periodical shocks in the supply and demand of these agricultural commodities deserve consideration as they may substantially influence the strength of market interlinkages from one production season to the next.
estimated the global production of wheat to be 716.82 million tons (+8.8 per cent) and that of corn to be 988.70 million tons (+13.9 per cent). BÉT sunflower seed ICE Brent crude oil MATIF rapeseed 
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